Background The objective of the current study was to analyze various patient-related factors related to patient-reported quality of overall and surgical care following surgical resection of lung or colorectal cancer. Methods Between 2003 and 2005, 3,954 patients who underwent cancer-directed surgery for newly diagnosed lung (30.3 %) or colorectal (69.7 %) cancer were identified from a population-and health system-based survey of participants from multiple US regions. Factors associated with patient-perceived quality of overall and surgical care were analyzed with multivariable logistic regression models. Results Overall, 56.7 % of patients reported excellent quality of overall care and 67.9 % of patients reported excellent quality of surgical care; there was no difference by cancer type (P>0.05). Factors associated with lower likelihood to report excellent quality of overall and surgical care included female sex, minority race, and the presence of multiple comorbidities (all odds ratio [OR] <1, all P<0.05). Patients who had higher levels of education (overall quality: OR 1.62; surgical quality: OR 1.26), higher annual income (overall quality: OR 1.29; surgical quality: OR 1.23), and good physical function (overall quality: OR 1.35; surgical quality: OR 1.24) were all more likely to report excellent quality of overall and surgical care (all P<0.05). Furthermore, patients who reported their physician as having excellent communication skills (overall quality: OR 6.49; surgical quality: OR 3.74) as well as patients who perceived their cancer as likely curable (overall quality: OR 1.17; surgical quality: OR 1.11) were more likely to report excellent quality of overall and surgical care (all P<0.05). Conclusion Patient-reported quality of care is associated with several factors including race, income, and educational status, as well as physician communication and patient perception of likelihood of cure. Future studies are needed to more closely examine patient-physician relationships and communication barriers, particularly among minority patients and those with lower income and educational status.
Introduction
In 2015, an estimated 1.6 million new patients will learn of a cancer diagnosis and over 589,000 will succumb to their disease. 1 In fact, the overall 5-year survival for all patients with invasive cancer is estimated to be 65 %. 2 Lung and colorectal cancer in particular represent a large burden of disease as these cancers constitute the two leading causes of cancer-related deaths in the USA. 1 Despite advances in diagnostic, surgical, and medical treatments, prognosis among lung and colorectal cancer patients can be varied, with 5-year overall survival ranging from 20 to 65 % depending largely upon the stage of disease on presentation. 1, 3 Of note, 5-year relative survival is significantly lower among patients with lung cancer (18 %) compared with patients who suffer from colorectal cancer (63 %). For many patients with lung and colorectal malignancy, surgery offers the best hope for long-term survival-often in combination with various chemotherapy and radiation regimens. Even when curative surgical resection is not feasible, surgical intervention may help provide symptomatic palliation in a select group of patients. Shared decision-making between patients and clinicians is critical when deliberating among various treatment options, especially among cancer patients. Communication about cancer treatments is often lacking. In fact, recent data have suggested that many cancer patients do not understand the intent of certain therapies utilized to treat their disease. 4, 5 Using the Cancer Care Outcomes Research and Surveillance (CanCORS) data, Weeks et al. reported that 69 % of patients with metastatic lung cancer and 81 % of patients with metastatic colorectal cancer did not report understanding that chemotherapy was not at all likely to cure their cancer. 4 Somewhat surprisingly, patient-reported scores for physician communication were higher among those patients who had inaccurate expectations of cure. 4 This apparent discordance could indicate either a shortcoming of patient understanding or a failure of the physician to help improve patients' understanding of their disease.
The study by Weeks et al. suggested that patients have a more optimistic and unrealistic view of the potential benefits of chemotherapy when being treated by physicians whom patients report as having superior communication skills. 4 Furthermore, Kehl et al. were able to show that physiciancontrolled decisions as opposed to patient-controlled decisions were associated with lower ratings of quality care. However, the association between patient perception of physician communication and ratings of quality of overall and surgical care among patients undergoing cancer-directed surgery has not been specifically investigated. As such, we sought to analyze patient-reported quality of overall and surgical care among patients who underwent surgical resection for lung or colorectal cancer from a national, prospective, observational cohort study. Though patients with lung and colorectal cancer face different obstacles inherent to their disease process, these cancers represent the two leading causes of cancer incidence and mortality in the USA. Previous studies have also shown that though these cancers are different from a clinical standpoint, there are similarities regarding patient perceptions of care and quality among these groups.
6-8 Thus, we hypothesized that poor patient-physician communication would be associated with worse patient-reported quality of care. 6, 9 Furthermore, we sought to identify sociodemographic, clinical, and decision-making/communication factors that were associated with excellent patient-reported quality of overall and surgical care among patients with lung and colorectal cancer undergoing surgery.
Methods Data Source
We analyzed patient baseline survey data from the CanCORS study, a national prospectively conducted cohort designed to evaluate care and outcomes among patients with lung and colorectal cancer. The CanCORS study enrolled approximately 5,000 patients diagnosed with lung cancer and 5,000 patients diagnosed with colorectal cancer from the Veterans Administration system, five geographically defined regions throughout the USA (Alabama, Iowa, Los Angeles County, Northern California, North Carolina), and five integrated delivery system sites associated with the NCI-funded Cancer Research Network (Seattle, Boston, Detroit, Portland, Hawaii). 10, 11 Participants in the CanCORS study were identified and contacted within 3 to 6 months of their cancer diagnosis from population-based cancer registries associated with each site. Patients (or surrogates for ill or deceased patients) underwent a computer-assisted telephone interview within an average of 6 months from diagnosis about beliefs, goals of care, treatment decision-making process, and quality of life. 12 Overall, 2.6 % (n=102) of the surveys were completed by patient surrogates. The majority of interviews were conducted in English; however, patients in certain locations (i.e., LA and Northern California) were able to complete the survey in Spanish or Mandarin. 11 Collaborative stage at diagnosis was collected from pathologic reports, radiology and the medical record, or from cancer registries if medical records were unavailable. The CanCORS study protocol was approved by institutional review boards (IRBs) at all participating sites and at the Statistical Coordinating Center at the Dana-Farber Cancer Institute. 11 The overall response rate was 49.1 % for lung cancer and 53.2 % for colorectal cancer in the baseline participant survey.
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Cohort Selection and Data Collection
Patients eligible for enrollment in the CanCORS study were ≥21 years with a histologically or cytologically confirmed lung or colorectal cancer diagnosed between September 2003 and December 2005. For this study, we analyzed a subset of CanCORS participants who underwent cancer-directed surgery, as indicated by the participant or surrogate responding "yes" to having received surgery for lung or colon cancer. Patients were excluded due to failure to respond to questions about expected effects of surgery, surgery having not been completed at the time of survey, or missing information on cancer stage.
Baseline patient characteristics collected by the CanCORS consortium included age at diagnosis, sex, race, marital status, education, income, insurance status, participation in an integrated healthcare network, comorbidities, physical function, and cancer stage. Race was divided among patients who were primarily English versus Spanish speaking (for Hispanic patients) or Chinese speaking (for Asian patients) as previously described. 12 Patients who reported being widowed, divorced, separated, and never married were categorized as unmarried. Patients were classified as having none, 1, 2, or ≥3 comorbid conditions based on self-reported health history such as heart attack, stroke, congestive heart failure, diabetes, peripheral vascular diseases, chronic lung disease, diabetes, and chronic kidney disease. 8 Physical function was categorized using three CanCORS survey items derived from the European Quality of Life-5 Dimensions questionnaire (EQ-5D) that identified problems with mobility, self-care, and usual activities. A patient was considered to have either good physical function if he/she responded "No" to all three of these items or poor physical function if the individual responded "Yes" to one or more items. 4, 13 The TNM staging system was used to classify tumor stage at diagnosis based on pathologic reports, radiology, and physician notes. Cases were grouped as stage I/II (localized), stage III (locoregional), or stage IV (metastatic) disease. All patients including patients with metastatic disease (stage IV) were included in this study as previous studies have shown that patients with advanced disease often have unrealistic perceptions of cure.
14 Patient-reported assessment of quality of care, role in decision-making, patient-physician communication, and perceptions about potential beneficial and adverse effects of surgical treatment were derived from CanCORS survey questions and categorized as previously described (Supplementary Table S1 ). 4, 6, 15 Assessment of physician communication skills was calculated from five survey items that were derived from the Consumer Assessment of Healthcare Providers and Systems (CAHPS), with an indication 0 as the worst possible communication and 100 as optimal communication. 4, 12 Consistent with previously published work, 4 physician communication scores were categorized in three groups: poor (0-80), fair (81-99), and excellent (100).
Patients reported their perception of the overall quality of care and quality of care for each treatment modality they received; only overall perception of quality of overall surgical care was analyzed for the purposes of this study. For the purposes of this study, patient-reported perceptions of care are reported as "patient-reported quality of care" As previously described, responses were grouped into "excellent" versus all other responses ("very good," "good," "fair," or "poor"), as most patients responded excellent. 6 With regards to perception of likelihood of cure, patients responding "very likely" or "somewhat likely" were categorized as perceiving surgical cure to be "likely." In contrast, individuals who responded "a little likely," "not at all likely," or "I don't know" were considered as perceiving surgery "unlikely" to be curative. 4, 16 
Statistical Analysis
Categorical variables were presented as frequencies and percentages and compared using the chi-squared test. Patient-reported quality of overall and surgical care was analyzed according to demographic, clinical, socioeconomic, and health system factors for each type of cancer. Factors associated with quality of care were analyzed using multivariable logistic regression and expressed as odds ratios (OR) and 95 % confidence intervals (95 % CI). Variables included in the multivariable analysis were those of clinical interest, 17 as well as those found to be of statistical significance (P<0.05) on univariable analysis. Furthermore, all variables entered in the multivariable model were checked for collinearity through the analysis of variance inflation factors; all factors had variance inflation factors less than 10. Unimputed values were used for descriptive analysis, whereas imputed values were used for regression models. All analyses were performed using STATA version 12.1 (StataCorp LP, College Station, TX); a twotailed P value <0.05 was considered statistically significant.
Results
Patients (3,954) who underwent cancer-directed surgery for either lung (n = 1,199, 30.3 %) or colorectal (n = 2,755, 69.7 %) cancer were identified in the CanCORS study cohort and met the inclusion criteria. Supplementary Table S2 summarizes the demographic and tumor characteristics of the study population. About one-half of patients were >65 years (n=2,047, 51.8 %) and most were White (n=2,736, 69.2 %). Most patients had early stage (I/II) (n=2,435, 61.6 %) disease, while a subset of patients had either stage III (n=1,023, 25.9 %) or stage IV (n=496, 12.5 %) disease. Patients who underwent surgery for lung cancer more often presented with early stage disease (stage I/II, 72.1 %; stage III, 18.3 %; stage IV, 9.6 %) compared with patients who had colon cancer (stage I/II, 57.0 %; stage III, 29.2 %; stage IV, 13.8 %) (P<0.001). 
Patient-Reported Quality of Overall Care
Overall, 56.7 % of patients reported excellent quality of care and this measure did not differ by cancer type (lung: n = 649, 54.5 % versus colorectal: n = 1,582, 57.6 %; P=0.08) ( Table 1) . After stratifying by stage of disease, patients with both early and late stage disease reported equivalent rates of excellent quality of care (stage I/II, 56.7 % versus stage III/IV, 56.7 %; P = 0.83). There were, however, significant differences in quality of care as reported by patients of different races (Fig. 1 ). For instance, White patients had the highest proportion of individuals reporting excellent overall quality of care (n = 1,623, 59.6 %) compared with Asian/Chinese-speaking (n = 10, 17.9 %) and Asian/English-speaking patients (n = 70, 46.1 %) who had the lowest rates of excellent quality of care (P<0.001).
With regards to perception of likelihood of cure, 80 % (n= 959) of patients with lung cancer and 90.5 % (n=2,470) of patients with colorectal cancer perceived that surgery was likely to cure their cancer. Among patients with stage IV metastatic disease, 59.5 % of patients with lung cancer (n=66) and 80.2 % of patients with colorectal cancer (n = 304) perceived that surgery was likely to cure their cancer. Overall quality of care ratings was higher among patients who perceived that surgery was likely to cure their disease. Specifically, 57.5 % (n=1,965) of patients who believed that surgery was likely to cure their disease reported excellent overall quality of care compared with 49.9 % (n=1,450) of patients who did not believe that surgery was likely to cure their disease (P=0.002). Of note, in a subset analysis of patients with metastatic disease, perception of likelihood of cure did not affect quality of care ratings (P=0.52). Patient-physician communication ratings also were associated with overall quality of care ratings (Fig. 2) . Roughly onehalf of patients (n=2,209, 55.9 %) reported excellent communication with their physician. Among these patients, 70.6 % of patients reported excellent quality of care versus only 27.2 % of patients who reported poor patient-physician communication (P<0.001).
To account for measurable sociodemographic, clinical, and communication-level factors believed to be associated with patient-reported overall quality of care, a multivariable logistic regression analysis was performed ( Table 2 
Patient-Reported Quality of Surgical Care
Overall, 67.9 % of patients reported excellent quality of surgical care and this did not differ by cancer type (lung: n=809, 67.9 % versus colorectal: n=1,864, 67.8 %; P=0.95) or stage of disease (stage I/II, 68.7 % versus stage III/IV, 66.6 %; P= 0.07) ( Table 3 ). There were marked differences in quality of surgical care reported by patients of different races, with a higher proportion of White patients reporting excellent quality of surgical care (n=1,926, 70.6 %) compared with Hispanic/ Spanish-speaking (n = 45, 55.6 %) and Asian/Chinesespeaking patients (n=16, 28.6 %; P<0.001) (Fig. 3) . Patientreported quality of surgical care was also higher among patients who perceived that surgery was likely to cure their disease. For example, 68.5 % (n=2,344) of patients who believed that surgery was likely to cure their disease reported excellent quality of surgical care versus 62.3 % (n=301) of patients who did not believe that surgery was likely to cure their disease (P=0.002). In the subset of patients with metastatic disease, however, perception of likelihood of cure was not associated (Fig. 4) . The influence of sociodemographic, clinical, and communication-level factors on perception of patient-reported quality of surgical care was then examined using multivariable logistic regression analyses ( 
Discussion
Several patient-related factors have previously been shown to have an impact on overall quality of care. 12, [17] [18] [19] Furthermore, patients' perception of their prognosis has been previously shown to have an impact on their decisions about medical care. 5, [20] [21] [22] [23] [24] [25] [26] As with every medical decision, it is imperative to hold a thorough discussion of the risks and benefits of all available treatment plans in order to provide optimal individualized medical management. To our knowledge, no previous study has comprehensively examined the association between patient factors (i.e., race, income, education, etc.), patients' understanding of their disease (i.e., physician communication, perception of likelihood of cure), and patient-reported quality of overall and surgical care among patients undergoing cancer-directed surgery. Our study is important as we utilized a national cohort of patients who underwent surgery for lung or colorectal cancer in determining the factors most associated with excellent patient-reported quality of care. Consistent with previous work, we found that race, income level, education status, and physician communication were the factors most strongly associated with varying rates of patient-reported quality of care. Perhaps equally as important, patients who perceived their cancer to be likely curable were also more likely to report excellent quality of overall and surgical care. Using the CanCORS cohort of patients who received chemotherapy, Weeks et al. demonstrated that 69 % of patients with incurable lung cancer and 81 % of patients with incurable colorectal cancer believed that chemotherapy was likely to cure their disease. 4 Among patients who underwent cancerdirected surgery for lung or colorectal cancer, we not only found that 80 % (n=959) of patients with lung cancer and 89.6 % (n=2,470) of patients with colorectal cancer perceived that surgery was likely to cure their cancer, but that this perception of cure also had a significant impact on patientreported quality of care. Furthermore, patients who reported excellent physician communication were nearly six and a half more times more likely to report excellent quality of overall care and nearly four times more likely to rate the quality of surgical care as excellent. Previous studies have demonstrated the importance of quality patient-physician communication to help patients and family members make informed decisions, manage cancer effectively, and improve psychosocial health outcomes. 5, [20] [21] [22] [23] [24] [25] [26] As such, there appears to be significant unmet communication needs among patients undergoing surgery for lung or colorectal cancer. Several reports, including one from our own group, have demonstrated that patients often have unrealistic expectations of cure for terminal illnesses. 4, 22, 27 To this point, our group has shown using the same cohort of patients that 57.4 % with metastatic lung cancer and 79.8 % of patients with metastatic colon cancer believed surgery to be curative.
14 Given this, it appears that patient misconceptions about cure with regards to cancer, and in particular advanced metastatic cancer, may either be due in part to patient misunderstanding or a failure of the physician to effectively communicate and help patients understand their true prognosis. In fact, our results regarding the association of excellent physician communication and excellent quality of care support findings from Roberts et al. who reported that empathy from surgeons was the most important factor to cancer patients as opposed to information-giving. 28 Taken together, it appears that inspiring an overly optimistic perception of prognosis may in fact increase patient-reported quality of care. Though data are mixed regarding the attempt to improve physician communication skills, 29, 30 patient-physician relationships should focus not only on providing upfront, accurate medical information and expectations but also taking the time necessary to provide patients and their family members with the emotional support needed to cope with these demanding diseases.
In the current study, we were able to demonstrate a variety of patient-related factors that were associated with patient-reported ratings of overall and surgical quality care. In particular, race appeared to play a significant role in how patients perceived their quality of overall and surgical care among patients undergoing cancer-directed surgery. Ayanian et al. had previously shown significant disparities in cancer patients' perception of quality of care by race, ethnicity, and language. 12 Similarly, results of the current study focusing on patients who underwent cancer-directed surgery indicated that patients of minority race (Black, Hispanic, Asian) had significantly lower reported rates of patient-reported quality of overall and surgical care. Furthermore, after stratifying patients by language (i.e., English speaking versus Spanish or Chinese speaking), patients who were minority and non-English speaking generally had lower rates of patient-reported quality of overall and surgical care. Though it is difficult to elucidate the factors behind such an association, it is reasonable to conclude that both cultural and language barriers between physicians and patients play a role in this perceived lack of patient-reported quality of care. Ayanian and colleagues also suggested that issues with access and coordination of care, particular in the cancer patient, may be factors related to these findings. 10, 31 It is also plausible that the race of the surgeon may have affected these patient-reported ratings of quality of care. Previous studies have indeed shown that race concordance between physicians and patients to be associated with higher ratings of patientreported quality of care. 32, 33 Our study also found that lower income status and lower educational status were associated with worse quality of overall care and demonstrated a similar pattern in the context of surgical care. The associations found in this study should promote studies to further evaluate factors associated with patientperceived quality of care among a cohort of primarily minority or uninsured patients. Furthermore, these data should prompt further research not only to identify the reasons for these disparate perceptions about quality of care but also to determine how to identify, target, and improve patient experiences in these high-risk populations.
The current study has several limitations that should be considered when interpreting the data. Perceived quality of care measures was based on patient-reported responses an average of 6 months following the diagnosis of their disease. As such, treatment decisions and the effect that patient-physician interactions had on patient-perceived quality of care may have been affected by recall bias. In addition, surveys completed by surrogates could also be influenced by recall bias and may not accurately reflect the patients' true perceptions. However, the use of surrogates in our cohort was limited (2.6 %) and therefore was not likely to have had a significant impact on the overall findings. In addition, though our response rate was acceptable for survey-based data (49.1 % for lung cancer and 53.2 % for colorectal cancer), bias between responders and nonresponders was a possibility. Furthermore, patient-reported overall quality of care was likely most influenced by the provider who played the central role in a given patient's care. As the survey focused primarily on patient-centered responses, the data is limited by the lack of availability of provider or hospital characteristics. Our data, however, do demonstrate a relatively consistent correlation between factors impacting both overall and surgical quality of care. Finally, data on patients who experienced a complication related to their cancer care were unavailable. These data may have been pertinent as the incidence of surgical complications has been previously shown to impact patientreported quality of care. 34 In conclusion, patient-reported quality of care is affected by several patient-and physician-related factors. Patient factors such as race, income, and educational status, as well as physician communication, appear to have the strongest association with patient-reported quality of care. Perception of likelihood of cure was also associated with quality of care after controlling for other factors. Physicians should promote honest discussions about prognosis with cancer patients in order to eliminate misconceptions about the effectiveness of various treatment plans. Future studies should focus more closely on examining patient-physician relationships and communication barriers, particularly among minority patients and those with lower income and educational status. 
